The temperature of carbonate-vein formation in basalts in the Shikoku Basin and Daito Ridge (Philippine Sea) is below 50°C. This, along with oxygen-isotope data, points to carbonate deposition in basalts from cold sea waters (DSDP Site 443) and interstitial waters (DSDP Site 446).
INTRODUCTION
Basalts in the Shikoku Basin (DSDP Sites 442 and 443) and Daito Ridge (Site 446) are characterized by thin (as much as 2 mm) carbonate veins, commonly with pyrite. Veins which are occasionally quartz-carbonate reaching 10 mm and more in thickness are an exception at Site 446. Also encountered there were clastic dikes, actually a slightly altered aggregate of fine fragmentary material filling fracture zones in basalts and cemented by quartz or a quartz-carbonate mass. It is of interest that the carbonate veins contain native copper (as at 443-54-3, 108 cm), which has attracted our attention to the problem of source and temperature of solutions which formed the carbonate veins. This task has been solved by fluid-inclusion investigation and by oxygenand carbon-isotope methods.
Carbonate veins in basalts of Hole 443 (Shikoku Basin) and Hole 446A (Daito Ridge) were studied. These were formed in different geological environments. The Shikoku basalts are flows of the Philippine Sea floor, which were in direct and continuous contact with ocean water. The Daito Ridge basalts are sills intruded into the sequence of Eocene sedimentary rocks and could, therefore, have interacted only with interstitial waters of the sediments. This fact is essential to the interpretation of the data.
To determine temperatures of carbonate-vein formation, all the samples collected for analysis (Table 1) were checked for fluid inclusions. These were found in four of the 11 samples. These are one-phase liquid inclusions with acicular crystals of a non-metallic mineral (zeolite?) or crystals of an ore mineral (pyrite?). Because there is no gas phase in the fluid inclusions, we cannot determine narrow temperature ranges of the solutions essential to interpretation of equilibrium isotopic ratios of the carbonates. At the same time, this clearly points to low temperatures (below 50°C) of the solutions which formed carbonate veins in the basalts.
RESULTS
The oxygen-isotope composition in carbonates from Hole 443 varies from + 30.0 to + 33.7 per mill, and the carbon-isotope composition varies from -3.2 to + 2 per mill. Samples from Hole 446A have lower δ 18 θ values ( + 25.9 to +27.4% 0 ), and carbon-isotope composition similar to that for Hole 443 (δ 13 C -3.1 to 2.3% 0 ; Table 1 ).
Since there are no exact temperatures of carbonate deposition, the obtained results fail to give a direct answer to the question of the source of solutions which formed the carbonate veins. We can generally identify these plausible sources: (1) magmatic water from degassing of a basalt melt, (2) oceanic water, (3) interstitial water of sedimentary rocks.
Proceeding from the assumption that magmatic water expelled from a basalt mass was the solution source, the temperature of solutions which formed the carbonate veins of Hole 446A should be above 50°C (Table 1) ; (O'Neil et al., 1969) . This is at variance with direct determination of solution temperatures by fluid inclusions; thus, magmatic water is excluded as a possible solution source. This agrees with the ideas of Anderson (1973) on the small volumetric significance of magmatic waters compared with interstitial waters in submarine rock alteration.
As is evident from Table 1 , calculated equilibrium temperatures of carbonate-vein deposition (0.8-15°C) correspond to those of near-bottom ocean water (δ 18 θ = 0% 0 ). This agrees well with the mode of basalt emplacement in the Shikoku Basin (Hole 443); lavas effusing onto the sea floor were rapidly cooled.
Carbonates might have been deposited from interstitial waters (δ 18 θ = -1.2‰; Anderson, 1973) only at Site 446, where basalts have intruded as sills into the sequence of sedimentary rocks, failing, therefore, to ensure direct contact with ocean water. The equilibrium temperatures of carbonate deposition (22-29°C) agree Thus, these data show that carbonates were deposited in Hole 443 basalts from cold sea water, and in Hole 446A basalts from interstitial waters.
This interpretation is supported by the agreement of the isotopic composition of carbon in the veins with values typical of sedimentary carbonates. The lightisotope content increases for a number of samples, apparently because of organic-matter oxidation (Douglas and Savin, 1975; Denser et al., 1978; Brenneke, 1978) .
Carbonate-vein formation in ocean basalts is generally a result of interaction with sea water, which may involve radical changes in rock composition (Sheppard et al., 1977; Javoy and Pineau, 1977) . Along with rockforming minerals, sulfides, represented in basalts by pyrite, chalcopyrite, and droplets from primary sulfide melt (Nisterenko, this volume), are unstable in this process. Sulfide oxidation results in release of copper, which is deposited as native copper in the rocks and is partly carried away with the solutions and deposited in carbonate veins. This process is apparently regulated by the temperature and general effectiveness of contact between sea water and rock. In the case of low-temperature rock alteration of limited intensity (Hole 443), removal of copper from the basalts is subordinate, and copper in carbonate veins is rare.
